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A. PROJECT STATUS 
1 . Staff 
Dr. M. E. Van Valkenburg, Professor, Project Director; Dr. J. B. Cruz, 
Assistant Professor; Dr. S. L. Hakimi, Assistant Professor (one-third time) ; 
D. A. Calahan, Assistant Professor (one-third time); B. A. Shenoi, Instruc-
tor (half-time); S. S. Yau. 
2. Reports and Papers Accepted 
D. A. Calahan, "Active synthesis by RC-RL partitioning," was presented 
at the Northeast Electronics Research and Engineering Meeting, Cambridge, 
Mass . , November 15-17, 1960, and is to appear in the Digest of this meeting. 
D. A. Calahan, "Notes on the augmentation of p0lynomials, " has been 
accepted for publication in the IRE Circuit Theory Transactions. 
D. A. Calahan, ~'Sensitivity minimization in active RC synthesis, " 
has been submitted for simultaneous review for presentation at the 1961 
IRE International Convention and for publication in the IRE Circuit Theory 
Transactions. 
D. A. Calahan, "Restrictions on the natural frequencies of an RC-RL 
network," has been submitted to the Journal of the Franklin Institute -for 
review. 
3. Studies in Progress 
(a) Active synthesis Based on RC-RL Partitioning 
In some types of active and passive driving-point and transfer function 
synthesis, it is necessary to multiply a given polynomial N1 (s) by another 
polynomial N2 (s) such that their product N3 (s) has all non-negative coef-
* ficients . Depending on the type of polynomial required for N
2
(s), the 
following three cases may be distinguished~ 
1 . the zeros of N2
(s) are unrestricted 
2 . the zeros of N2 (s) are in the left half plane 
3. the zeros of N2 (s) are negative real 
Any of a number of known methods may be applied to accomplish such augmenta-
tion. However, all known methods (other than cut-and-t~y procedures) rely 
upon being able to augment individual quadratic factors of any given N
1 
(s) . 
Therefore, no advantage is taken of the cumulative effects of these individ-
ual factors on the coefficients of N3 (s). Indeed, if N1 (s) has both left 
* It is assumed that the coefficients of N2 (s) are real . 
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half plane and right half plane zeros, these methods completely ignore the 
"augmenting" effects of the former. The result is that the N2 (s) chosen 
is usually of an excessively high degree. What is desired, then, is a 
method of choosing N2 (s) of the lowest degree possible for case 1, 2, and 
3 when an N1 (s) is given. 
For case 1, an iterative method of moderate length has been devised 
for choosing such an optimum N
2
(s) for any N1 (s) of degree~ . with no 
positive real zeros. In addition, the resultant N3 (s) may be made to 
have at most m + 1 non-zero coefficients. Furthermore, if it is desired 
to suppress any particular coefficients of N3 (s), this method may be 
extended to determine whether such suppression is possible (for N (s) 2 
of given degree) : and, if possible, to obtain this N2 (s). 
When left half plane or negative real zeros are required for N
2
(s), 
a similar method is under study to choose an optimum N2 (s~. However, it 
has not been possible to show that the· method always converges to the 
lowest order N (s) of the type desired. It is hoped that further inves-
2 
tigation will determine the convergence or non-convergence of the method. 
(Calahan) 
(b) Synthesis with Esaki Diodes 
During this quarter, more detailed studies on the analysis and synthesis 
of networks containing tunnel diodes were undertaken. A number of pro-
perties of network functions like driving-point and transfer immittances, 
in the form of design theorems were derived for such networks. It has 
become clear that the necessary conditions on these functions are less 
restricted when the shunt capacitance of the diode was neglected and 
the model for it~ . was taken to be a pure negative resistance. From a more 
practical point of view, however, it was decided to retain the shunt 
capacitance in the equivalent circuit of the tunnel diode, for the present 
investigations . It was immediately found impossible to realize, in that 
case, complex zeros and poles of driving functions by an RC network con-
taining any number of tunnel diodes, though these are active devices. 
So methods of realizing network functions and gain constants which 
cannot be realized by R, L, and C alone were sought by using the tunnel 
diode as the fourth element model available. As a result, a study of 
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realizing functions like -y12, y 22 and voltage-ratio transfer function 
with poles and zeros anywhere in the s-plane including the positive real 
axis--along with some special cases of the pole-zero configurations of 
these functions has been just complete~. Necessary and sufficient con-
ditions for realizing these functionsby at most two tunnel diodes embedded 
in a grounded passive network have been found. 
Further studies in transfer function synthesis would be carried out 
in the next quarter. Other efforts will be directed towards driving 
function synthesis, sensitivity with respect to bias and stability, etc. 
(Shenoi) 
4. Trips and Other Events 
Professors Van Valkenburg and Cruz attended the Joint Automatic 
Control Conference held at M.I.T., Cambridge, Mass. from September 7 to 
9, 1960, at no cost to the Project. 
Professors Van Val.kenburg and Cruz and Mr. Shenoi attended the 1960 
National Electronics Conference in Chicago from October 10 to 12, 1960, 
at no cost to the Project. Professors Van Valkenburg and Cruz served 
as session chainmen. 
Professor Calahan .attended the Northeastern Electronics Research 
and Engineering Meeting, Cambridge, Mass. from November 15 to 17, 1960, 
in order to present a paper relating to his work on this contract. 
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